Pregnane glycosides constitute a class of compounds widely distributed in the plant kingdom. Many of them have shown either anticarcinogenic or cancer inhibitory properties, besides other useful biological activities. New chromatographic techniques and advances in spectroscopic and spectrometric methods have accelerated the purification and structure determination of novel glycosides of this series. A compilation of the pregnane glycosides isolated from 1995 until the middle of 2005, along with their physical data, structures and occurrence are presented in this review, which also summarizes, with suitable examples, recent developments in isolation and purification techniques, and structural elucidation using modern spectrometric methods like ESIMS and tandem mass spectrometry, and 2D NMR spectroscopic strategies. The reported anticancer and other biological activities of pregnane glycosides are also discussed.
The importance of plant products as sources of either new therapeutic or other useful agents needs no introduction. Alhough the emphasis shifted to synthetic drugs and those of microbial origin since the middle of the last century, of late there has been a revival of interest in traditional medicines, even in developed countries [1] . As a result, the consumption of medicinal plants has almost doubled in Western Europe during the past decade. Thus, contemporary trends in the discovery of drugs from natural sources emphasize the investigation of the terrestrial and marine environments to discover highly active compounds [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
The medicinal activities of plants are generally due to their secondary metabolites [15] , which often occur in various glycosylated forms, for example steroidal, terpenoidal, cardiac and pregnane glycosides. The present review is concerned with the occurrence, isolation, structural data and bioactivity of pregnane glycosides. Though the medicinal uses of pregnane glycosides have been limited, their great potential is strongly indicated by the large volume of recent work. Pregnane glycosides are naturally occurring sugar conjugates of C 21 steroidal compounds. The glycone part of these compounds is an oligosaccharide chain arranged in a linear fashion rather than branched, and linked to a hydroxy group through an acetal linkage. Various aspects of pregnanes and pregnane glycosides have been reviewed by many workers [16] [17] [18] [19] [20] [21] , and the last review by Deepak et al. [22] concentrated mainly on the occurrence and isolation of these compounds up to 1995. The present review contains a compilation of pregnane glycosides isolated from 1995 to mid-2005. It deals with the latest developments in purification processes, and structure elucidation techniques, including mass spectrometric and NMR spectroscopic techniques for simplifying spectral interpretation. In addition, anticancer activity and other effects of pregnane glycosides are also discussed.
Secondary metabolites like pregnane glycosides are polar compounds occurring as complex mixtures. Glycosides are particularly prone to enzymatic and microbial degradation, which requires processing of plant materials to be started rapidly, avoiding delays. Air-dried powdered plant material is defatted, and then extracted with either MeOH or EtOH, either cold or hot, or with 50% aqueous EtOH or MeOH at ambient temperature. Special care is needed as some glycosides undergo transformation [23] , for example esterification, hydrolysis of labile ester groups and transacylation. The extract is concentrated under reduced pressure, macerated with H 2 O and partitioned successively using AcOEt and n-BuOH. Most of the saponin constituents are found in the nBuOH soluble fraction. However, highly polar glycosides may be found in the aqueous layer. The crude glycoside mixture may be passed over a column of porous polymer polystyrene resin (Diaion HP-20) using various ratios of H 2 O-MeOH as eluent. The glycosidic fractions thus obtained sometimes afford pure compounds on repeated silica gel and ODS chromatographic purification. However, in most of cases, fractions found to be homogeneous on TLC turned out to be mixtures on HPLC analysis. Final purification is usually achieved by HPLC over a reversed phase column (C-18 or so-called ODS) with MeOH-H 2 O or MeCN-H 2 O as eluent.
As an example, plocosides, a new type of antitumor agents from the bark of Periploca sepium, commonly known as a Periplocae Radicis Cortex, were isolated [24] as follows: the plant material was extracted with MeOH under reflux. The extract was concentrated under reduced pressure and partitioned with AcOEt and H 2 O. The aqueous layer was concentrated and applied to a column of Diaion HP-20, eluted successively with H 2 O, 50% MeOH and MeOH. The MeOH eluate was chromatographed over a silica gel column followed by further separation by HPLC to afford the active compounds.
Kanchanapoom et al. [25] isolated the pregnane glycosides of the Malagasy plant Cynanchum aphyllum following a somewhat different procedure. The dried aerial parts of C. aphyllum were extracted with hot MeOH. After removal of the solvent by evaporation, the residue was extracted successively with n-hexane, Et 2 O and H 2 O. The aqueous layer was passed through a column of a highly porous copolymer of styrene and divinyl benzene, and eluted with H 2 O, 50% aq. MeOH, MeOH and acetone. The fractions eluted with MeOH were combined and subjected to chromatography over a column of RP-18 using 60% MeOH as eluent, affording eight fractions. Chromatography of one fraction on a column of silica gel (AcOEt: MeOH; 9:1), followed by HPLC (ODS; 150 x 20 mm; 70% MeOH and 65% MeOH) provided three compounds. Purification of another fraction by MPLC (polyamide C-200; 90% MeCN), followed by HPLC (polyamine II; 250 x 20 mm; 92% MeCN) afforded three more pregnane glycosides.
A somewhat similar procedure was adopted by Braca et al. [26] for the separation of twenty new pregnane glycosides from Caralluma negevensis. The air-dried whole plant material was defatted with n-hexane and then extracted successively at room temperature with CHCl 3 and MeOH, respectively. The CHCl 3 extract was subjected to flash column chromatography over silica gel eluting with CHCl 3 containing increasing amounts of MeOH to give three main fractions. The fractions were further purified by reverse phase HPLC on a C-18 μ-Bondapak column with various proportions of MeOH-H 2 O to yield 16 homogeneous pregnane glycosides. The residue obtained from the MeOH extract was partitioned between n-BuOH and H 2 O. The n-BuOH extract was concentrated and passed through a column of Sephadex LH-20, which was washed with MeOH. The three major fractions thus obtained were further purified repeatedly by droplet counter current chromatography (DCCC) in descending mode and reverse phase HPLC on a C-18 μ-Bondapak column to yield three more glycosides.
The isolation of four pregnane glycosides, stelmatocryptonosides A, B, C and D from the stem of Stelmatocrypton khasianum is another example. The air-dried, powdered stems of S. khasianum were percolated with 95% EtOH. After evaporation of the solvent, the residue was suspended in H 2 O and extracted sequentially with light petroleum, Et 2 O and n-BuOH. The n-BuOH extract was subjected to silica gel column chromatography and eluted with CHCl 3 -MeOH with increasing concentration of MeOH. Fractions obtained were separated on a D101 macroporous resin column and eluted with H 2 O containing increasing percentages of EtOH. The material derived from the 30% EtOH eluate was subjected to column chromatography on silica gel using CHCl 3 -MeOH as a gradient. The fractions obtained were further purified over RP C-18, Sephadex LH-20 and semipreparatve HPLC, to afford stelmatocryptonosides A-D [27] .
In another example, eleven new pregnane glycosides (gymnepregosides G-Q) were isolated from the roots of Gymnema alternifolium by Yoshikawa et al. [28] . Dried roots were extracted with 70% EtOH at room temperature. The extract was passed through an Amberlite XAD-2 column, which was washed with H 2 O, and the absorbed materials were eluted with 20-100%
MeOH. The MeOH eluate was chromatographed on Bondapak C-18 with 80% MeOH to give six fractions. The fractions thus obtained were further purified by preparative HPLC using different ODS columns to furnish gymnepregosides.
The roots of Cynanchum atratum were extracted with 80% MeOH and sequentially partitioned with nhexane and AcOEt. The AcOEt fraction was further fractionated by extensive column chromatography over silica gel. The fractions thus obtained were further purified, by fractional crystallization and HPLC on an RP-8 column with different solvent systems to obtain thirteen different pregnane glycosides [29] .
Glycosides are composed of two units, an aglycone and an oligosaccharide moiety. Pregnane glycosides are based on the pregnane skeleton with a hydroxy group at C-3 and a side chain at C-17. In most of the aglycones reported so far, rings C and D are cisfused. In addition, the aglycones may also have a tigloyl, acetyl, isovaleroyl, 2-methylbutyl, ohydroxybenzoyl, cinnamoyl, or nicotinoyl moiety. The most common aglycone found is 14β-hydroxy pregnane. Other types of aglycones isolated were 8,14-seco pregnanes [25] [29, 30, 33] . However, the new glycosides reported usually vary only in the carbohydrate chain and nature of the sugar sequence.
The conventional method of structure elucidation of glycosides starts with acid hydrolysis, yielding the aglycone and monosaccharides, which are separately investigated. With the advent of recent spectroscopic methods, the glycoside itself can be examined for determination of its complete structure. However, partial hydrolysis followed by isolation and characterization of prosapogenins and, where possible, by characterization of oligosaccharides is sometimes employed for the determination of the sugar sequence. The sequence of the sugar moiety of periplocosides isolated from Periploca sepium was elucidated by this technique [34, 35] . If a glycoside contains an acid sensitive group either in the aglycone or sugar unit, mild acid conditions are required to prevent [36] [37] [38] the formation of artifacts. Enzymic hydrolysis has been frequently employed for specific cleavage of sugar linkages in glycosides [39, 40] . Thus β-glucosidase [41, 42] was used to cleave the terminal glucose unit of telosmosides and sarcovimisides. Application of cellulase [43] , hesperidinase [25] , molsin and sulfatase [44, 45] has also been reported to hydrolyze the terminal β-glucose.
Pregnane glycosides often contain acyl functions either in the aglycone or the sugar moieties. Treatment with NaOMe in MeOH at room temperature was found to be suitable for deacylation of the glycosides isolated from Hemidesmus indicus [46] . Chen et al. [47] have used methanolic NaOH for deacylation of cynanformoside B obtained from the aerial parts of Cynanchum formosanum.
In general, the sugar moieties of pregnane glycosides are oligosaccharides which consist of different kinds of sugar units, for example D-glucose, L-rhamnose, D-cymarose, D-oleandrose, D-allose and D-digitoxose. In the classical method, the structure of the sugar moieties of glycosides was determined by identification of the monosaccharides obtained on acid hydrolysis by PC, GLC (alditol acetates/TMS derivatives), and HPLC (comparison with authentic samples). The points of attachment of different sugar units are revealed by permethylation of the glycoside followed by either hydrolysis or methanolysis and identification of the partially methylated alditol acetate derivatives by GLC. The mode of sugar linkage may be determined by the application of Klyne's rule [48] . Moreover, 1 H and 13 C NMR spectroscopy have proved to be very useful in the determination of the anomeric mode of the sugar linkages [49] .
Absolute configuration of the monosaccharides can be determined by analyzing the sugars obtained from hydrolysis experiments on a chiral HPLC column [50] [51] .
With the advent of soft-ionization mass spectrometric methods, viz. FAB-MS [52, 53] , field desorption [54] , plasma desorption [55] , MALDI-TOF-MS [56] and laser desorption [57] , the structural study of glycosides shifted away from the time consuming and sample demanding chemical methods. Mass spectrometry can provide information about molecular weight and number of monosaccharides, and sometimes even the sequence of the oligosaccharide chain. The recently developed technique of electrospray ionization (ESI) mass spectrometry, in conjunction with multi-stage tandem mass spectrometry, has provided considerable structural information on various types of compounds including steroidal glycosides isolated from natural sources [58] [59] [60] [61] . Dal Piaz et al. [62] has applied this technique to elucidate the structures of 27 pregnane glycosides isolated from Caralluma dalzielii, C. negevensis and Laptadenin hastata. They have employed two different ESI-MS instruments equipped with triple-quadrupole (TQ) and ion-trap (IT) mass analyzers to develop a method optimized for speed and sensitivity for the unambiguous identification of pregnane glycosides. The structural information solicited included the nature of the pregnane core, the kind of ester substituents, the nature of sugar sequence residues, and the primary structure of the saccharide chain. The authors have also pointed out that the mass spectra recorded using the IT analyzer have no or negligible dependence on the fragmentation energy. However, when the TQ analyzer is employed, different spectra are obtained depending on the source declustering energy. Low declustering energy (10-30 eV) + precursor ions were performed only using the TQ spectrometer. The ions (from the glycoside shown in Figure 1 ) gave fragments containing the aglycone part and derived through loss of the trisaccharide (m/z 639) or of the whole tetrasaccharide unit (m/z 495); this was followed by the loss of a H 2 O molecule and, the ester groups at C-12 (m/z 417) and C-20 (m/z 305) as acetic acid and 2-methylbutyric acid, respectively. Fragments were also observed at m/z 611 and 467 from the tetrasaccharide unit (formed by loss of the aglycone part) and the trisaccharide unit, accompanied by more intense peaks at m/z 579 and 435 arising through further loss of MeOH. MS/MS spectra of the sodiated molecule (m/z 1127) were recorded using the TQ instrument and the MS n spectra were obtained with the IT instrument. + -CH 3 COOH -2 methylbutyric acid -terminal glucose). The most intense peak from the saccharide part was at m/z 489 from the trisaccharide component, accompanied by a peak of much reduced intensity at m/z 633 representing the tetrasaccharide moiety. The same fragments could be observed in the IT spectrometer in different MS spectra, which was very helpful regarding interpretation. These studies confirmed that the employment of sodium cationized species for both MS n and MS-MS experiments leads to complete characterization of the carbohydrate moieties, independent of the nature of the monosaccharide constituents and length of the chain. It also strongly suggested that the MS/MS spectra of [M+H] + and [aglycone + H] + ions provide key information regarding the structure of the steroidal nucleus that cannot be achieved by recognizing the fragments resulting from the [M+Na] + species. However, the experimental conditions for optimization of the fragmentation of the protonated precursor ions need to be carefully set.
Though the saccharide chain and the aglycone could thus be identified by mass spectrometry, it is worth remembering that it is as yet not possible to establish the configurations of glycosidic linkages. Of all the physical methods, NMR techniques have changed the most during the last two decades, with the introduction of high field instruments and multidimensional NMR techniques. Structural information about the aglycone, the nature and number of the constituent sugar units, including their ring sizes, anomeric configurations, the interglycosidic linkages and the point of attachment of the sugar chain to the aglycone can be obtained more readily by this than by any other method.
The
1 H NMR spectra of pregnane glycosides display some recognizable signals. The exact location of two singlets in the region δ 0.60-1.30 (due to the angular methyl groups at C-10 and C-13) is useful for the determination of the presence of functional groups, their orientations, stereochemistry of the ring system and the side chain. It also provides information about the location of the double bond in rings [63, 64] . The olefinic hydrogens at C-4, C-6, C-7 and C-15 ( [70, 71] ; the methyl doublets of 6-deoxy sugar units resonate at δ 1.00-1.50 ppm [46] .
In recent years 13 C NMR spectroscopy has been utilized to obtain important information about the structure of pregnane glycosides. The resonances of the anomeric carbons are found in a well separated chemical shift range of δ 96-112 ppm, which provides information about the number of monosaccharide units present and also the nature of the glycosidic linkages. The signals due to β-linkages usually appear 2-6 ppm downfield from their α-counterparts [72] . Glycosylation causes a downfield shift of 7-12 ppm to the α-carbon and an upfield shift of 2-5 ppm to the β-carbons [56, 73] .
Introduction of a hydroxy group in the steroid nucleus is known to result in downfield shifts of 32-51 ppm for α-carbon atoms and 7-12 ppm for β-carbon atoms, and an upfield shift of to 2-8 ppm for γ-carbon atoms (for gauche relationship) [74] . Methyl groups attached to C-10 and C-13 resonate in the region δ 12-24 ppm and δ 7-15 ppm, respectively. Variation in the stereochemistry of the side chain and ring junction affects the chemical shifts of the angular methyl groups [75] . Significant differences in the resonance positions of C-5 and C-19 are reported for 5α-H and 5β-H steroid nuclei. The chemical shifts are δ ∼ 44.5 and 12.3 ppm, respectively for 5α-H and δ ∼ 36.5 and 23.9 ppm, respectively for the 5β-H series [76] .
In C/D cis-pregnanes, the application of 13 C NMR spectroscopy is very helpful in establishing the C-17 configuration. The signal for C-18 is shifted downfield by about 4 to 5 ppm, while those for C-12 and C-15 experience upfield shifts of 3 to 4 ppm in 17S compounds compared to the 17R pregnanes, attributed to either elimination or introduction of γ-gauche effects, as appropriate. Other prominent shifts noticed are for C-16 (3-4 ppm upfield) and C-17 (4-5 ppm downfield) [75] . Finally, the identity of sugars and sugar sequence of the oligosaccharide can be established by a combination of 2D NMR techniques. Unambiguous assignment of the 1 H signals is a prerequisite for identification of the component sugars, but is often difficult due to overlap. The bond connectivity of ring protons within each sugar residue can be established by COSY, HOHAHA and TOCSY experiments. Since the anomeric proton of each sugar resonates in a characteristic region well isolated from that of the nonanomeric protons, they are usually the starting points for analyzing the spectra. In favorable cases (i.e. less than four/five sugar units), the COSY, preferably DFQ-COSY [56, 78] spectrum reveals the connectivities for each pair of vicinal and geminal protons, and may map out all the spin systems. For glycosides with a more complex sugar moiety, a HOHAHA experiment can be of further help in the assignments. Moreover, the inter-sugar NOEs from NOESY and ROESY experiments could furnish further information concerning the proton assignments.
A more effective way to determine the sugar linkage and sequence is to detect the long range 3 J CH coupling across the glycosidic bond. The most practical technique is HMBC. An HMBC experiment can furnish multi-bond correlation between the anomeric proton and the aglycone carbon or sugar carbon to which it is linked and thus serve to identify the linkage [56] .
The pregnane skeleton and the attachment of ester/ether groups can be determined easily by 1 [56, 75, 78] .
Multi drug resistance (MDR) is a major problem in cancer chemotherapy. One of the mechanisms involved in the development of MDR is the overexpression of P-glycoprotein in plasma membranes of resistant cells where the glycoprotein acts as an energy dependent efflux pump reducing intracellular accumulation of anti-cancer drugs [79] . Since P-glycoprotein plays a central role in multi drug resistance, efforts have been made to identify compounds that interact with it. It is widely known that many natural compounds found in vegetables, fruits, plant-derived beverages and herbal dietary supplements not only have anti-cancer properties, but also modulate P-glycoprotein activity. For example, it has been reported that accumulation of daunomycin, a P-glycoprotein substrate, was greater in sensitive cells than in resistant cells, while the reverse was the case regarding the efflux of daunomycin [80] . Extensive studies carried out with verapamil and cyclosporins to investigate their ability to overcome MDR showed that cyclosporin A reversed P-glycoprotein-mediated multi drug resistance as efficiently as other prototype compounds of resistance modifiers [81] [82] [83] [84] . Pregnane derivatives and other steroidal compounds and antiestrogenic drugs increased the sensitivity of MDR cells to anticancer drugs [85] [86] [87] .
The ability of four pregnane glycosides (Figure 2 ) isolated from the roots of Cynanchum wilfordii to overcome multi drug resistance was examined by Hwang et al. [88] . Cytotoxicity was measured in both drug-sensitive KB-3-1 and multi-drug resistant KB-VI cells both in the absence and presence of vinblastine. The compounds I-IV did not appear to be significantly toxic at the dose levels use dand showed no discernible difference in cytotoxic activity between drug-sensitive and drug-resistant cells. However, in the presence of 10 nM vinblastine, the IC 50 values of I-III for KB-VI cells were remarkably reduced (by between 28-and 865-fold), demonstrating that the glycosides I-III reverse MDR in KB-VI cells. Glycoside IV, which differs from II by having one more glucose moiety, showed the weakest cytotoxicity and the least potent MDRreversing activity. Compound I was the most active being about 30 fold more than those of II and III. The authors pointed out that the multi drug resistance reversing activity of pregnane glycosides may be attributed to the polarity of the glycosidic linkage and to the nature of the hydrophobic ester linkages at C-12 and C-20.
Bioassay-directed fractionation of the methanol extract of the roots of the plant Asclepias amplexicaulis [89] led to the isolation of amplexoside A, a compound which showed cancer inhibitory activity in the KB assay system. The ED 50 value was 0.24 μg/mL. The pregnane glycosides dregeosides A p1 and A 01 from Dregea volubilis, native to Southeast Asia, were studied for their anti-tumor activities against Ehrlich carcinoma (solid type) and melanoma B-16 in mice [90] . Dregeosides A p1 and A 01 , and the standard drug mitomycin C were given in doses of 10, 3 and 0.75 mg Kg -1 , respectively, i.p. daily for 10 days to obtain T/C (%) values of 22.5, 46.5 and 26.3, respectively for Ehrlich carcinoma. Dregeoside A 01 was found to have a T/C (%) of 43.4 against melanoma B-16 at a dose of 5 mg kg -1 i.p. daily for 10 days. It is noteworthy that pregnane derivatives isolated from the same plant native to India did not show activity against HL-60 and U-937 leukemic cell lines, even at a concentration of 100 μM [75] , when tested following the method of Murmu et al. [91] . The activity of dregeosides A p1 and A 01 may be due to the presence of the isovaleric acid group in the aglycone (33) of the glycoside. Three pregnane derivatives isolated from the stems of Marsdenia tenacissima were subjected to cytotoxicity testing utilizing cultured P-388, KB and KB-VI cell lines following the procedures adopted by Lin et al. [92, 93] . Only weak cytotoxicity was observed against KB-VI, with ED 50 values of 4.1, 2.5 and 3.4 μg mL -1 , respectively [94] .
Two pregnane derivatives, 12β-hydroxy-5α-pregn-16-ene-3,20-dione and 12β-hydroxy-pregna-4,16-diene-3,20-dione, isolated from the stems of Gelsemium sempervirens [95] , were evaluated for their cytotoxicity in the PS and KB systems in vitro following established protocols [96, 97] . The ED 50 values were found to be 0.9 and 0.7 μg mL -1 in PS, while in KB the values were 2.8 and 2.0 μg mL -1 respectively. Periplocoside A, a major component isolated from the root bark of Periploca sepium [98] , showed significant anti-tumor activity against sarcoma 180 ascites in mice at doses of 20 and 10 mg Kg -1 per day for five consecutive days. The growth ratios were 20% and 53%, respectively. Duh et al. [99] isolated stizophyllin and its ∆ 16 -hydrogenated derivative from the whole plant of Stizophyllum riparium and tested their cytotoxic activities against P-388 lymphocytic leukemia cultured cells [100] . Stizophyllin proved to be active, with an ED 50 value of 0.07 μg mL -1 . It has been established that an isolate is considered active in this system if it shows an ED 50 ≤ 4.0 μg mL -1 . It was concluded that the α,β-unsaturated carbonyl moiety appears to be the site responsible for this type of biological activity.
Braca et al. [26] have isolated twenty-two pregnane glycosides from the whole plant of Caralluma negevensis and evaluated them for their cytotoxic and genotoxic activity against tumor cell lines LoVo and HT29. None of the compounds showed effective anticancer activity against the two cell lines and also were not genotoxic in the in vitro, human lymphocyte micronucleus assay, especially when compared to other related molecules which are active at concentrations at least 50-fold lower. Leo et al. [101] evaluated twenty-six pregnane glycosides isolated from Caralluma dalzielii for their antiproliferative activity against the J774.A1, HEK-293, and WEHI-164 cell lines as follows: The cells (3.4×10 4 ) were plated on 96-well microtiter plates and allowed to adhere at 37°C in 5% CO 2 and 95% air for 2 hr. Thereafter, the medium was replaced with 50 μL, of fresh medium and a 75 μL aliquot of 1:4 serial dilution of each test compound was added and then the cells were incubated for 72 h. In some experiments, serial dilutions of 6-mercaptopurine were added. The cell viability was assessed following the methods as described [102] [103] [104] . Moderate to high levels of cytotoxicity were found in twenty-two compounds. Pregnane derivatives containing an acetyl moiety at C-12 and an acyl moiety (α-aminobenzoyl, nicotinoyl, 2-methylbutyryl, isovaleroyl) at C-20 of the aglycone showed the highest activity towards J774.A1 cell line.
Cytotoxic bioassay of three pregnane glycosides isolated from the rhizomes of Dioscorea collettii showed that they were inactive against six cultured human tumor cell lines: HT-29 and HCT-15 (colon), LNCaP and PC-3 (prostate), and T47D and MDA-MB-231 (breast) in vitro. The anti-cancer drug VP-16 (etoposide) was used as the positive control [78] .
Condurangoglycosides A 0 , C 0 , B 0 , D 0 , the 20-Omethyl derivative of D 0 and its iso-isomer isolated from the bark of Marsdenia condurango, native to north-western South America, were evaluated against sarcoma-180 and Ehrlich carcinoma in animal models [105] . The LD 50 values were found to be 75, 375, 615, 630, 603 and 642 mg Kg -1 , respectively.
Differentiation inducers are of potential interest for the treatment of human cancers promoting the terminal differentiation of certain human tumor cells [106] [107] [108] . Out of thirteen pregnane glycosides isolated from Condurango Cortex (bark of Marsdenia condurango), six compounds were able to differentiate MI cells into phagocytic cells. To study the structure activity relationship, the glycosides were classified into three groups by their aglycone moieties: deacyl condurangogenin A and C, and marsdenin. It was found that the activities of these compounds were affected by their sugar rather than their aglycone moieties. The active compounds were either a trisaccharide or a tetrasaccharide having
The non-active compounds were either tetrasaccharides or pentasaccharides having β-D-glucose at the terminal end of their sugar moieties. Glucosidation of the active compounds appeared to result in failure to induce cell differentiation. The pregnane glycosides having acyl moieties, such as acetyl, benzoyl and cinnamoyl at C-11 or C-12 were found to be more active. However, cinnamates are more effective and showed high toxicity toward MI cells than acetates and benzoates. Moreover, compounds having a hydroxyl group in the D-ring exhibited higher differentiation inducing activities compared with other pregnane glycosides.
Cardenolides showed much higher activities than pregnane glycosides and at the same concentration transformed more MI cells to phagocytic cells. The combination of pregnane glycosides with other known differentiation inducers like arabinofuranosyl cytosine (an inhibitor of DNA polymerase), actinomycin-D (RNA polymerase inhibitor) and dibutyryl cAMP (cAMP inhibitor) showed no effects on the cell growth or differentiation of MI cells. Actinomycin-D at 1 nM enhanced the activities of Metaplexigenin (48) 3 Pregn-5-ene-3β,16α,20(S)-triol (16) 
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Alzheimer's disease (AD) is a neurodegenerative process associated with the deposition of amyloid plaques and fibrillary tangles, as well as neurotransmitter alterations in the brain [110] . One of the main functional deficits in AD involves cholinergic neurons, which provide the rationale for a potential therapeutic approach to the treatment [111] . Several therapeutic strategies have been explored to enhance the cholinergic neurotransmission to alleviate some of the symptoms. Inhibition of acetylcholinesterase (AChE) has proved to be the most successful means of balancing the cholinergic deficit and stabilizing the symptoms [112] . Pregnane glycosides isolated from Cynanchum atratum roots [29] were tested for inhibitory activity against AChE. Among the thirteen compounds, cynatroside B showed the most potent inhibitory activity against AChE (IC 50 3.6 μM), followed by cynatroside A (IC 50 6.4 μM). The degree of inhibition depends on the aglycone type of the pregnane glycosides and the sequences of sugar moieties. It was also found that compounds with a 13,14:14,15-disecopregnane-type aglycone showed no inhibitory activity against AChE.
Platelet pro-aggregating activity of two pregnane glycosides isolated from Croton ruizianus was studied by Piacente et al. [113, 114] . The activity was measured either in the presence of thrombin or different amounts of test compounds. Pregnane glycosides at a concentration of 1 mM were able to completely restore the level of aggregation (about 83-95%) obtained with thrombin with a 2.0 U mL -1 dose. Pregnane glycosides alone induced platelet aggregation by more than 50% at the same dose. Periploside A isolated from Periploca sepium roots exhibited significant anti-complimentary activity at a concentration of 1.0 mg mL -1 [115] .
Four pregnane glycosides, along with a few furostanol and spirostanol glycosides from the rhizomes of Dioscorea futschauensis were screened by an osteoblastic assay in the UMR 106 cell line [77] . The study indicated that these glycosides might either stimulate bone formation or have potential activity against osteoporosis. The structure activity relationship analysis suggested that the aglycone part of the compounds influences the activity more profoundly than the carbohydrate components. Moreover, pregnane glycosides showed the strongest stimulatory effect on UMR 106 cell proliferation; these were followed by furostanol glycosides, whereas spirostanol glycosides showed the weakest activity.
Four pregnane glycosides, stemucronatosides A-G, from the roots of Stephanotis mucronata were studied for their immunological activity on mitogenstimulated mice splenocyte proliferation in vitro by Ye et al. [76] by the method described in [116] . Stemucronatosides D and G significantly inhibited Con-A and LPS-stimulated splenocyte proliferation in a dose-dependent manner. However, stemucronatosides F significantly enhanced Con-A and LPS-induced mice splenocyte proliferation at suitable concentrations. The major difference in the structure of stemucronatosides F with other glycosides was that it contains a nicotinyl group at C-12 and a ketone at C-20, while D, F and G have a hydroxyl group at C-12 and a tigloyl function in place of the ketone.
Some naturally occurring glycosides possess the property of sweetness and are water soluble and nontoxic as well as being noncarcinogenic [117] . The so-called "high potency" and "low calory" sweeteners are 50-100 times sweeter than sucrose [118] . Telomoside A 15, the major pregnane glycoside component isolated from Telosma procumbens (Asclepiadaceae), collected from Vietnam, is one thousand times sweeter than sucrose [41] . The sensory effect of these compounds was evaluated following the method described by Darise et al. [119] . Seventeen other pregnane glycosides isolated were also sweet (much less than telomoside A 15 ), but others are either tasteless or bitter. The authors concluded that more than four sugar units and a digitoxose unit attached directly to the aglycone seem to be responsible for its sweet taste.
Pregnane glycosides isolated during the period 1995-mid 2005, along with their natural distribution, available physical chemical data and various spectra for their characterization are listed in Table 1 . Structures 1-92 are aglycones of the various glycosides.
